Introduction
A compact range, for example, will never produce a perfect plane wave in the target zone. Knowledge of the actual incident field is essential for assessing and/or improving measurement quality. In this paper we use quiet-zone illumination data to produce a synthetic-aperture image of a microwave measurement range [l] , [2] , allowing isolation and physical removal of unwanted signal sources. We discuss recent results concerning resolution, dynamic range, and focusing in such images, and some experimental data are presented.
To obtain illumination data, we use a known probe (on a roll-over-azimuth mount) to make measurements on a spherical surface. (Thus, standard positioners can be used and special linear probing devices are not required.) These data can be processed to determine the incident field within the volume of the sphere [3] . The technique is closely related to well-known spherical near-field scanning algorithms for determining antenna radiation patterns [4] . In contrast to common field probing practices, which give qualitative estimates, the present method will produce, in principle, an accurate incident field reconstruction that has been fully compensated for probe pattern effects.
Quiet-Zone Fields
Within a spherical volume, T < TO, containing no sources, the electric field may be
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The spectrum a (e) is 
Imaging a Range
An image can be formed by plotting the amplitude of the spectrum as a function of i. For example, as implied by (l), the spectrum of a plane wave behaves as a Dirac delta function. Consequently, the image of an incident plane wave will be focused at i = k, where & is the direction of propagation. Similarly, the images of distant objects will be sharply focused. On the other hand, the images of nearby objects will be broatdened (out of focus) according to the spectral content of their radiated (scattered) fields.
In order to make this discussion quantitative, we note that the spectrum of the plane wave n exp (ik . r) is (The polarization vector IC satisfies 1;. n = 0 and I n1 = 1.) Thus, the image of a plane wave or a distant point source is proportional to the point-spread function
We find that where the P?") are Jacobi polynomials. We emphasize that DN depends only on cos 0 = &. i and, in particular, is independent of n. As an example, we plot 0 3 2 (e) in figure la.
Resolution and Dynamic Range
The asymptotic formula allows estimation of the resolution A8 (the angle from the peak to the first 0) and the level of the first sidelobe A P It is easy to reduce the amplitude near 8 = 7r. Consider
In (7) 
Experimental Results
Measurements used to verify the range imaging technique were made at the Georgia Institute of Technology spherical near-field range.' For our test, the incident field consists of a primary (approximately plane-wave) illumination source at 8 = 0" and an "unwanted" secondary source (a metal plate) centered at 8 = 98". The angular extent of the secondary source is about 17". The summation in (2) is truncated at N = 43 N kro. A detailed account of the range and the measurement is given in [5] . A constant q5 cut of the range image [spectrum, see (2) ] is plotted in figure 2a .
In this case, q5 is chosen so the cut passes though the center of the secondary source. The secondary source image peaks at 8 = 108" at about 13 dB below the primary source image maximum. (Apparently, the specular point is near the physical edge of the plate.) As determined from the image of the primary source, resolution (5)], and the first sidelobe peaks at A P = -17.5 dB [compared with A P = -17.6 dB from (S)]. The range image was windowed iusing wiwk, and the result is given in figure 2b (for the same cut used in figure 2a ). The secondary source image still peaks at log", but the maximum has increased by about 0.5 dB. This is in contrast to a significant decrease in the background. Both the primary and secondary source images have broadened, as expected for this type of window.
